Séparation des niveaux de vigilance, à partir d'un signal EEG par les cartes auto-organisatrices de Kohonen by Ben Khalifa, Khaled et al.
HAL Id: inria-00099484
https://hal.inria.fr/inria-00099484
Submitted on 26 Sep 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Séparation des niveaux de vigilance, à partir d’un signal
EEG par les cartes auto-organisatrices de Kohonen
Khaled Ben Khalifa, Mohamed Hédi Bédoui, Radoslav Raychev, Mohamed
Dogui, Frédéric Alexandre
To cite this version:
Khaled Ben Khalifa, Mohamed Hédi Bédoui, Radoslav Raychev, Mohamed Dogui, Frédéric Alexandre.
Séparation des niveaux de vigilance, à partir d’un signal EEG par les cartes auto-organisatrices de
Kohonen. Traitement et Analyse de l’Information: Méthodes et Applications - TAIMA’03, R. Deriche,
F. Ghorbel, Oct 2003, Hammamet, Tunisie, France. 6 p. ￿inria-00099484￿
 	
 !#"$%&'(
)*+-,#.$!"0//21 3"$
%4(
56
5789:!;$<
=($%46?>@AB
CEDGFIHKJLCNM	O=PRQTS#OGUWV4XYD[Z\DGFI].^:_G`QaUWV4bcDGbIOed:fKM:HeghUaV4XiDGjk_	lG`QRmnHeopD	qrPsH5tO=J	^(u*HKv
wyx(zW{5|*}sz~|*}s)|8*5s*5$*.z$a5[~4N##84N|*5zy~}5*<#N|*5zy~})<55
Khal ed. benkhal i f a@i ssat so. r nu. t n 
 x(za{5|*}sz#~|*}s4*8 |*|*¡) *za5¢~4N## 54N|*8z*R~}5*<#N|*8z*R~})<58 
£4¤:¥8[8¦	|*}R~#§8¥x(¨©ªT«;5¥¬8*)­®z$5|*y¯5}s$°x($°±;z8²8¥}sz5#
 
 
³´*µR¶=·´ [e 8}a~8)$|*)~:)¸¹a~º#5#48|8}4~#)~#})s#}sº5#}.¹» z ););}s$#z#5§)
5a5}s|*8z}R~¢¼R  ²$½[¼¼R#}s#)~¾½a~z~¾½¯5¡z$5#-8» 5kW¸~h)8º½z$.¿<À;ze#8z8#}	5|=
5}s$s#)~|*=9#N~z	85ºa~5|*Ása5z$}sz~ |*Â$95Ã¯5#z#5§0);¯5¡z$5#$Ä¹5z$}R~}ÅÆ8N ¡)5z$
¤G¤BÇÈ8z}Á$Áz$}R~$Éz#)~|°¾|*}s¡z5sz~}s#$ÉrÊ;|*5|*5#.¿±;|=zW¯5|*=z*|*#I)Ë$r{))~ 
º##=e|*)~Ì» §*8}R~8|=	z;a~5}s##ae8|5}:}s#8#.$	)|*58$Ga~zºsz#5|* )~)
5|~}s;º|*)Ë#*¿)À;z$=4 9#5|*§)$)|*85#a~(¥nº½|*Ë#;5a5}s|*5z$$K5|e48|=s|*º½º$	z~~z#5$	¹
º[~#}	 <{5$s|*=	)#z$a5~Ì)hº½#º|*}s$5ze¥8$	z##Ë	z#5§ )¼T|*}sº½z#~|*=a¿¦	a~~z5}s|*#5
)¯5}sz$[~)|*58};ar8}s|*#5z 5#º½#~¹Á z}s#zz#~|*r8» 5N5R~Ë#º a~}s|*8¥85|*}R~za{5a~#¡}
)~sza{5hz$=G#)~}szW¯548z}<5Ra¸a~)8º½z$.¿
ÍLÎÏµÐ$Ñ´*µ ©$s#z8§L)r88}s|*5$z}T~[¼T##z$}R~$z~|°¾|*}s¡z8z#~}s#$)0Ê;|*5|*5#=	¯5¡z$5#
##~}s|*8a85z |*¡)}sz$º½º$)#zy²s[¼T#z~|*=)z#)8#z~|*º½##z*¿
  	
  !"!	#$%&'(") *	+-,.0/"	12	34
5 62798;:-<>="?"@-8A4<>7
B"CED%CF%GHCJIKCMLONPONRQSUTOVCWCX%DYIZNR[%[%\F0CG]GHCT*DYIZ\[%NTON^XC_QR`-TaQRC2XbIKNcXVNd.QRNTOC2XEXVNRCT*D%NR[%Ne-f.CXEghTOCfiF0`-dOjKk.XNR`ZQR`-PONRC2l
dmXknVjO`KQR`-PnNRCl
C_FoPO`*TO`-GHNCl
CD%VOp qp rsDtkKGu`KQR`*PONRe-f.CGuCT*D0l
NRQvXNPZTONR[%NRC\LOCNQ%p"wxTMSDcD%F	Nyzf.CQSbIK\TO`-GHNTOSD%NR`*TMIO{ \D%SD0X
IKCbLONPnNRQRSTOVCbSfO|}IZNR[%[%\F0CT*D0X~TONLnCSfz|I*f}VknVQRCb\LOCNRQ%X;`*GGHC_NRQ%p
%QvdiCfZDD%F	CV`-T.XNRIK\_F	\V`-GGuCbQRCTONLOC_SUf
IO{ S-VD%NLnSD%NR`-TMI*fJVC_FoLOC_SUfWCD]X`-fmXRDoCTOIEIK`*TOV^Do`*fKD%C2XQRC2X`*di\_F	S_D%NR`-T.XGHCT*D%S-QCXHIKCQRSX;NGd.QRCIK\D%CVD%NR`-TIO{ fzTnC
NTO[%`KF%GHS_D%NR`-TQ{ \_QRSyi`ZF	S_D%NR`-TCDQc{ C|Od.F0CXXNR`-TIO{ fOT}V`*Gd.`KF4DoCGHCT*DpB"CbTONLOCSfIKCbd.C_F	[%`KF%GHSTOVCESfOPKGHCT*D%C
SULnCVVCQf.NIKC'QRSYLONPONRQRSTOVC	fmXe-fm{ YfOTM`-dZD%NG]fzGSUfmtIKC_QRbI-f.e-f.C_Q
QRSd.CF0[%`KF%GHSTOVCy.S*NcXXCKpCVN"d.CF%GHCDIZC
V`-Gd.F0CTOIZF	CEe-fm{ fOTTONLOC_SUfIKCbLONPONQRSUTnVCby.SKXghdiF0NLOS_D%NR`-TIKCMX`-G]GHCNQRq~`*f\QCLO\Mg%X%D%F	C2XX;qHd.CfZD~S*QD%\F0CF'QRCX
d.CF0[%`KFoGuSUTnVCXbp"B
{ S*VD%NLOND%\\QRC_VD%F	NRe*fiCX	d.`-T*D%STO\CI-fV`KFtD%C|CX%DfzTnCS-VD%NLnND%\I-kKTOSGHNe-f.ClX%D%`KVjOSZXoD%NRe*fiC2l
TO`-TQRNTO\S*NRF0CCDJTO`-TX%D%SD%NR`*TKTOS*NRF	CZpb.`-TCTOF	CPONcX%D%F	CGHCT*D0lYF0\S*QRNcX\d.S*F\QRC_VDoF0`KCTOV\dOjOS*QR`-POF0SdzjnNRCgtr"r" q0l
IK\d.CTOI}C2XXCT*D%NRCQRQCGHCT*DIKCMQc{ CG]diQS-VCGHCT*DIKCXb\_QRCVD%F0`KIKC2Xl IKCMQRCf.FXbNGd.\IZSUTOVC2XbS-NT.XNe-f.CEIKCEQc{ \DoS_D~IZC
LONPONQRSUTnVC}`-f¡IKCX;`*GGHC_NRQI-f¢X	f_CDECT£e-f.CX%D%NR`-T¤pB"Cd.SKXXSPOC}\LOCNRQ%X;`*GGHC_NRQC2XoDEVS*F	S*VD%\F0NcX\d.S*FEIKCX
VjOSTKPOCGuCT*D0X¥y.F%fmX;e*fiC2X¦CT§[%F0\e-f.CTnVCXlHCT§SUG]diQNDtfiIZCX¦CDbIKCXEIKNcX%D%F0NyOfKD%NR`*T.XYD%`-d.`-PnF	SdOjONRe-f.CXEI-f¨XNPKTOS*Q
r"r©^pZC2X
VjOSUTZPOCGuCT*D0X
IKNR[%[%ª_F	CT*DIO{ fOT^X	f_CD«fOTuSUfZD%F	CZp
¬H`-fmX diF0\XCT*D%`-T.X IKST.X VC diSd.NRC_F­fOTOC IK\GHS*F	VjOC d.`-f.F IK\POSPOC_F®QRCX®d.S-F0SUGuªD%F0CX \_QRCVD%F0`O
CTOV\dOjOS-Q`-POF0SUdOjONRe*fiC2X~X	fmXVCdZD%Ny.QRCXHIKC'VS-F0S-VD%\_F	NcXC_FCD IKCVQSKXXNR[%NRC_FQRC2XIKN[%[%\F0CT*D0XH\D%SD0XIKCHLONPnNRQRSTOVC~VjnC¯
IKCXX	f_CD	X}CTXNDtf.SD%NR`*TF0\CQQRC°CDJCT¨D%CTOST*D¦V`*GdZD%CIKCXS-F4D%C[%S*VD	XpHr"QRQRC}fZD%NRQRNcXCIKC2XS*QPO`KF0NDtjKGuCXIZC
VQRSZXXNR[%NVSD%NR`-TSfZDo`*GHS_DoNe-f.CEJSUdOd.F0CT*D%NcXXSPOCbTO`-TX	fOdiC_FoLnNcX\bCTWLKfIKC ^<Hz±_±aQJÌH)uNPO3f5O)u²oW_<l<u#O-²<MQH3^<H6PO
ou#O)J±aQ[oQ_<J3]¥gÄH)QPc³±#_>´´NH)QP;HJ3H¥t>²<P_ÄQ[oWOJKoPHz±u²<u#_¤²<uWQ]¥oW]z±oW_>²(_<P_Äl<QµK`:Hz± IZCXVS*FtD%CXSfZD%`Ot`KF%POSUTnNcXSD%F0NRVCX
IKCv¶·`*jO`-TOCT^gs`-fmw¸º¹z.CQR["wF%POSTONR¯NTZPH¸MSUd£CTHSTKPOQRS*NcXqp
» ¼¡½i8¾K:*At¿*ÀtÁÂ¿-8¼¡¾-8Ã"<>="¿KÁ
Ä.ÅhÆ Ç¤ÈZÉÊËÌ
CDcDoC^\Dtf.IKC^Sdi`ZFtD%\'Xf.F VNTOeX	fCD0X
CfzTnCXl"X;S*NT.XlÍPO\X IKCEÎÏ.ÐYST.XlIKC^XC|.CGHSZXVf.QRNT.l\Dtf.IKNRST*D0X·CT
GH\_IKCVNTnCKpxB"CMF	C_VFofZD%CGuCT*DX{ CX%D[%S*ND~d.S*FYV`*T*D%S-VDIKNF	C_VDCD~S*I-jO\2XNR`-TLO`KQR`*T*D%S-NRF0CKpv
jOS*e-f.CMXf_CD~SJCfaÐ
CTOF0CPnNcX%DoF0CGuCT*D0XHIKCÏOÑEjOCf.F0CXH}_Ò`-f.FXHIO{ NT*D%C_FoLOS*QRQRCZpÓs`*fiF]VjOS*e-f.CCTOF0CPnNcX%DoF0CGuCT*D0l
QRCÔXf_CD·F0CG]d.QRNDxfOT
e-f.CX%D%NR`-TKTnS-NRF0CdiF0\VNX;ST*DQRC2X©jO`KF0S-NF	C2X
IO{ CTOIZ`KFoGuNcXXCGHCT*DCDIZCxF0\LOC_NRQzTn`KVDtfiF%TOCvCD\LOCT*Dtf.CQQRCGuCT*DIKNfiF%TOCZp
Ä.ÅÄ ÕxÖm×Ê*ØnÙÌË×ÊÚ^ÊÖzËÌ
BÛ{ \_e-f.Nd.CGuCT*DfZD%NRQRNcX\bC2X%D·fOTX	k.X%D%ªGuCYIn{ CTOF0CPONXoD%F0CGuCT*DSGyOf.QRS_D%`KNRF0CYIZCYQ`-TKPKf.CI-f.F	\_CJÎbLO`KNRC2XlÜGu`KIKªQC
wxÝÞwßxà£¸Mr"à·%BÛw¡áOâzâOâ>piBÛ{ CTOF0CPnNcX%D%F	CGHCTUDSTOS*QR`-PONe-f.CCX%D
C_[%[%CVDtf.\]Xf.FVSZXX;CDcDoCGuSUPKTn\D%NRe-f.C]gtSUf.IKN`Kq0l
d.S-F QRSX	f.ND%C~NRQÛCX%DxTKfOGH\_F	NX;\^CDxLnNcX	fiS*QRNX;\Hd.S-FfOTMX	k.X%D%ªGuC~IZC~F0CQRC_VDtfiF0CKp
jOS*e-f.CHCTOF0CPONXoD%F0CGuCT*DvV`-Gd.`KF4D%C
IKCfO|LO`KNRC2XYIO{ rÛwãgt\QCVD%F	`nt`KVf.QR`-POF0SUG]GHC_q0lxfzTnCbLO`KNRCEIO{ r"¸Mãgt\QCVD%F	`*GkO`-PnF	SGGuCqHI-fGHCT*D%`-TCDVNTOe
LO`KNRC2X¥In{ r"r"^pB"S}[%F0\e-f.CTnVCJIO{ \VjOST*D%NRQRQ`-TKTOSPOCJIZCbD%`-fmXbQRC2XEX;NPKTOSfz|aCTOF0CPONcX%D%F0\XbCX%DIKCaÏ>ÎJä¯OpåãQRS
F	C_QRCVDtf.F0Cl~e-f.S_D%F	CCTOF0CPONXoD%F0CGuCT*D0XJNTON DoNSUfO|£NTnC|Od.QR`KND%SyiQCXJX`-T*D\QRNGuNTO\2X2æu`-TO¯CCTOF0CPnNcX%DoF0CGuCT*D0X¦IZCÏOÑ
jOCf.F0CXX`-T*DS*NT.XN.F	CDoCTKfmXp
Ä.Åç èÈmé-êRÙRë4ÙcìéUË0ÙcíKÖ'îiÊ*Ì
ïËéUËÌîiÊxð.ÙcØKÙRêcé*Ö>ìÊñéK×vêtòÊóOñ>Ê*×Ë
BÛ{ STOS*Qk.XCHLONcX	f.CQRQRCHd.F	S_D%NRe-f.\C2l
X	f.F QRCX¯`*TOCXIKC D%F0SUTzX;N DoN`-T\LOC_NRQc%X`-GGuCNRQld.S*FxfOTC|Od.CF4DxCTNTUDoC_Fod.F0\D%S_DoN`-T
IKCHQc{ r"r"ôCDCTd.`KQkzX;`*GTO`-PnF	SdOjONRClSd.CF%GuNcXIKCIKN[%[%\F0CTOVNRC_FX	f.FvVCX¯`-TOC2X«IZCD%F	ST.XND%NR`-TÔVNTOe~TONLOCSfO|bIZC
LONPONQRSUTnVCK¹LnCNRQRQC¦S_DcDoCT*D%NLOCWghõ S*q0l«LOC_NRQRQRCEVS*QGuChkOCfz|`-fOLOCF4D0Xbghõ Vkn`Kq0lxLOCNRQQRCEVS-QGHChknCfO|[%C_FoGu\Xbghõ«VkO[%q0l
X`-GTO`ZQRCTOVCÂg	.`-GHqCD"X%DoS*IKC^I-f'X`-GGuCNQ>g	ZDoIqp
 
Ós`*fiF"D%CTONRFV`-G]dKD%C IKC2Xd.`KFtD%NR`*T.XxS*FtD%C[%S*VD%\C2XxCDÛSKXX	f.F	C_FQRSHV`-T*D%NTKf.ND%\ IKC X`-T^STOS*Qk.XCxLONXf.C_QRQRCliQ{ C|OdiC_FtD"S\D%\
SUGuCTO\MIK\[%NTONRF^D%F	`KNXbSUfZD%F	C2Xb\D%S_D	X¹LOCNQRQRCMVS-QGuC¥knCfO|a`-fOLOCF4D0XbS-F4D%C[%S*VD%\Jghõ Vkn`KS-F0q0l«LnCNRQRQC¦VS*QGHC2hkOCfO|
[%CF%GH\2X
S-F4D%C[%S*VDo\Âghõ VkO[%S*F0qCDsGu`-fOLOCGuCT*D"gt¸ELOqp
Ä.Å x×é-ÙË0ÊÚ~ÊÖOË
`*GGHCHd.F	CGHNRC_FvDoF0S*ND%CGHCT*D X	d.CVD%F	S*QclfOTOCD%F0SUTzX;[%`ZFoGu\C^IKC~Þ`-f.F0NRCF ßvSUd.NRIKC^`*fiF4D
C_FoGuC^g
Þß
qvCX%D
SUdOd.QRNRe*fi\_C~QRSIK\_F	NLOSD%NR`*TEr"r" diS*F0NR\D%`Ot`ZVVNd.ND%S-QRC^IKF0`KND%C'gtÓsÑ.%wÏOq X	fiF IKC2X·d.`KFtD%NR`*T.XIKC^ÑEXCV`-TnIKCXlSULnCV
fOTOC[%CTODoF0CIKCd.`-TOIK\_F	S_D%NR`-TWIKC^D kZdiCä]SGGuNTKPWCD·fOTOCF0\X`KQfZD%NR`-TWIKCÒÏMdi`ZNT*D0Xp©BÛ{ SUTnS-QkzX;CIO{ fOTOCXCfiQC
IK\F0NLOS_D%NR`-TMr"r" C2X%D·IKNVDo\_C~d.S-F QRC'X`-f.VN
IZC~F0\S*QRNcXCFfOTMX	k.X%D%ªGuCGuSD%\_F	NRC_Q°CTOV`-Gy.F0CGuCT*DxGuNTONGuS-Q%pB"C
VjO`KN|IKCQSôIZ\F0NLOS_DoN`-TÓÑ.%w«ÏF0\d.`-TnI £Qc{ `-y_C_VDoN[JIO{ \LON DoC_FQRCX}S*FtD%C_[%S-VD0X}`KVf.QRS*NRF0CX}IKC2X}IK\F0NLOS_D%NR`-T.X
[%F	`*T*D%S-QRC2X~CD]IO{ `-yZDoCTONRFfOTOCS*VDoNLOND%\S-QdzjnSEIKC^Do`*di`*POF	SdOjONRCd.`OX%D%\F0NRCf.F0CYVS*F0S-VD%\F0NcX%D%NRe-f.CIKCQRSbLOC_NRQRQRCVS*QGuC
kOCfO|^[%C_FoGu\Xp
xTOC]C|ZD%F	S*VD%NR`-TIKC]Ï.Ð'y.STOIKC2X·X	d.CVD%F0S-QCXIKC«ä]¯HS*QRQRST*DIKCb ^ÏOÑÔä]¯*l¤Tn`KFoGuS-QNcX\CXxd.S*FF	SdOdi`ZFtD
HÓ"	S
\D%\vC[%[%CVDtf.\C



  !"!$##
%%!&&
×+=
')(+*,-'4`(Q4±±#OJ<f5H.(>²(H5f¥ouO)PH/*;_ÌoWO)PH5V0'(1,-'4`(Q4±±#OJ<f5H.(>²(H5f¥ouO)PH.D
åd.F	ª2X VC D%F	S*ND%CGuCT*DNTnND%NRS-Q§CDQRC VjO`KN| IO{ fOT V`KIZSUPOC I-f X;NPKTOS*Qd.S*F yiSTOIKC2XlIKC2X D%F	S*ND%CGuCT*D0X
V`-TKTOC|.NR`-TKTONXoD%C2XX;`*T*DSUdOd.QRNRe*fi\2Xp
Ä.Å2 3 ¿ZÁ@K½>:8¿KÁ½>?8<04<>:$5>½>7"AtÁ_½i8:-A4@K¿KÁÂ=©¿76M<>Ã"<>7"¿K7
B"C~V`-TZTOC|.NR`-TnNcX	GHCHCX%DvQc{ \Dtf.IKCHIKCX F	\2XCSfO|EIKCTOCf.F	`-TnCX·S*F4DoN[%NRVNRCQXUp>%Qd.CfZDxCTdiS*F4DoNVfiQNRCF X{ NT*D%\_F	C2XXC_FSUfO|
d.F	`-d.F0NR\D%\2XX%DoS_D%NcX%D%NRe-f.CX~IZCXD%F0S-ND%CGHCTUD0X~C[%[%C_VD f.\2Xud.S*FIKC2XF0\XCSfO|JF0CQSD%NLOCGHCT*DXNG]d.QRCXHCD F	\PKf.QRNRC_FXl
`-f
CTOV`ZF	C2l·CTXC¦[%`-TnIKSUTUDXf.FQRSV`-TKTnS-NXXSTOVCES*VD f.C_QRQRCEIKC2XÔGH\_VSUTnNcX	GHCXI-f[%`*TOVD%NR`-TKTOCGHCT*D~I-fVCF%LOCSfml
GH`KIZ\QRNcXC_FldiS*F QRSGHNcXCHSfbd.`KNTUDxIKCHF0\XC_SUfO|EIn{ NT.X	diNF	S_D%NR`-Ty.NR`KQR`-PnNRe-f.ClIKNR[%[%\_F	CT*D0X·SZX	diC_VD0X·IKCHQRS'V`-PKTOND%NR`*Tp
à SUT.XvD%`-fmX·QRC2X·VSZXlQRC2X·F0\XCSfO|E\D f.IKN\X `-T*DxIZCX«d.F0`-d.F	N\D%\X IKC D%F	S*ND%CGuCT*DIKC]Qc{ NTO[%`KF%GHS_D%NR`-TV`-G]GfOTOC2XUp.B©S
GHNcXCJCTa`KCfOLOF0CJIO{ fOTPOF0SUTnI}TO`-Gy.F0CJIKCWVCQRQf.QRC2X¥IZC¦y.SKXCl980QRC2XTnCf.F	`*TOCX:8lD%F	SLOS*NRQRQRST*DCTd.S-F0S*QRQRªQCJCD
GHSZXX;NLOCGuCT*DNTUDoC_F	V`*TKTOCVD%\2Xl QRCf.FIK`*TKTOCMIKCXbVSd.S-VND%\2XbIO{ SUdOd.F	CT*D%NcXXSUPOCMCDIZC¥d.F0NcXC¦IKCMIK\_VNcXNR`-T.l]X;ST.X
NT*D%F0`KI-f.NRF0CxC|zd.QRNVND%CGHCT*DIKCvF	ªPOQRC2X
♦ 
à SUT.XJVCWDoF0SLOS-NQclfOTOCC|ZD%F	S*VD%NR`-T§SfKD%`-GuSD%NRe*fiCIKCVS_D%\PO`KF0NRC2X¦Qc{ S-NIKCIKCJGH`KIKª_QRCXMSUfZD%`Ot`KF%POSTONcX\X
gtSdOdiF0CTUDoNXXSPOCJTO`-T.%X	fOd.CF%LONcX\qCX%DbF0\S*QRNcX\_CKp]C2X¥GH`KIZªQRC2X¦XCF0`-T*DC|Od.QR`KN Do\2Xd.`-f.FQRSX\d.S*F	S_D%NR`-TaCDYQRS
VQRSZXXNR[%NRVS_DoN`-TEIKC2X\D%S_D	XIZCLONPONRQRSTOVCKpB"CyOfZDxC2X%DxIO{ fZD%NRQRNcXCFÂQRCd.`-fOLO`KNRFIZCX·VS*F4DoC2X·SfZDo`nt`KFoPnSUTONX;S_D%F	NVCX·IZC
¶ `-jO`*TOCT'X\d.S*F	C_FlsIn{ fOTOC][%S<;`*TTO`-TYXfOd.CF%LONcX\_ClsIKC2X\D%SD0Xxd.S-FvS*NRQRQRCfiFXxIK\4He-f.S*QRNR[%NR\2Xd.S-FQc{ C|zd.C_FtD0lidi`*fiF
STOS*Qk.XCFSfmXXN>y.NRCT'QRSHF0\d.S-F4D%ND%NR`-T'IKC VCXv\D%SD0XX	f.FQc{ CX	d.S*VC·IZCX`KF4D%NRC e-f.CQRC2XSZXX;`ZVNRSD%NR`*T.Xe*fiNid.CfzLnCT*DÛXC
IK\POSPOCF CTUDoF0C^VCX\D%S_D0XUpB"CGu`KIKªQCYmw¸ GH`KIZ\QRNcXC^QRCHGH\VSTONcX	GuC~IKC^Qc{ SfKD%``KFoPnSUTONX;S_D%NR`-T¥Xd.S_D%NRS-QCHIKCX
d.CF0VCdZD%NR`-TzX·`-d.\F0\Cd.S*FQRCHV`KF4D%C|¥X;`*fmX·[%`KF%GHCHIO{ fOTd.F0`KVCXX	fmX«IZCVQRSZXX;N[%NRVSD%NR`*T^D%`-d.`-POF0SUdOjONRe*fiCZps.CQR`-TÔVC
d.F0`KVCXX	fmXlQCXEIK`-TKTO\_CXEIO{ CT*D%F0\C2XlF0CdiF0\XCT*D%SUy.QRC2X¥IKST.XEQRCJVSZXPn\TO\_F	S*Q^X`-fmXb[%`KFoGuC¦IZC¥LOC_VD%Cf.FXbM¬
IKNGHCTzX;N`-T.XlX`-T*DHF0SUGuCTO\_CX~EIKC2X~VQRSZXXCX~e-f.NÂX{ SfZD%`¦`KF%POSTONcXCTUDHXCQR`-TMfOTOCX%DoF%f.VDtfiF0Cy.NRIKNGuCT.XNR`-TZTOCQRQC
IKCJT>=f.IOXJX	f.FEQRS*e-f.CQRQCQCXEF	C_QRSD%NR`*T.XEIKC¦LO`KNX;NTOSUPnCX`-T*DdiF0\IZ\[%NTONCXpB"C¦d.F	`KVC2XXfmXEIKCJVQRSZXXNR[%NRVS_DoN`-T
D%`-d.`-POF0SdzjnNRe-f.C£I-f GH`ZIKªQRCmw¸ V`-Gy.NTnCôIZ`-TOVôfOTOC§\D%SUd.CIZCVQRSZXXNR[%NVSD%NR`-TSLOC_V¨fOTOC§\D%SUd.CIZC
d.F0`CVD%NR`*TJIKC2X~IK`-TZTO\C2XUpÓ`-f.FQSbF0\S*QRNcXS_DoN`-TMIKCVC~Gu`KIKª_QRCV`-TKTnC|.NR`-TKTnNcX%DoC2l
IKCfO|WV`-f.VjOCXHIKC~TnCf.F	`*TOCX
X`-T*DEfZDoNQRNcX\C2XU¹HQRSadiF0CGuNRªF0CF0Cd.F	\2XCT*D%CQRC2XJCT*D%F0\CXl~QSXCV`*TOIKC}QCXX`KFtD%NRC2XgtQRCXJVQRSZXX;C2XqpB"CXJIKCfO|
V`-f.VjOC2XX`-T*DCT*D%NRªF0CGuCT*D]V`-TKTOC_VDo\_CXp"BÛ{ S*QPO`ZF	NDtjKGuCIO{ SUdOd.F	CT*D%NcXXSUPOCI-fWGH`KIKª_QRCE>w¸ C2XoD diF0\XCT*D%\YIZC
GuSUTONªF0CxIK\D%S-NRQQR\CvIKST.XRÏ.lRÐKp-%QiC2X%DIKC
DtkZdiCvV`-G]di\D%ND%NR[0lnTO`*T^X	fOdiC_FoLnNcX\Kp
  	
  !"!	#$%&'(") *	+-,.0/"	12	34
 '¾KÁ?Àc8½i8ÁÂ¿-8v="AtÁ@Z?©Á_ÁA4<>7©Á7"½iÀÁ¿H="¿KÁ
	O<>7"¿KÁ="¿8:*½>7"ÁAc8At<>7"Á"½>:@Z½>:U8¿ZÁ="¿76M<>Ã©<>7"¿K7
¶ Nz~}s#s|*}R~48|8}GhW¸~B
B"CXxF0\X	f.QD%SD0XxIZC·Q{ SdOd.QRNRVS_DoN`-TIZCXx`-fZD%NRQXTOCf.F0`-TOSfO|>lid.F	\2XCT*D%\XvVNctIKCXX	fmXlsX	f.FQRCX
d.`KF4DoN`-T.XI-fXNPZTOS-Q>r"r"]l
CTOF0CPnNcX%DoF0\£VjOC¯¡QRCXaIKNR[%[%\F0CTUD	X§Xf_CD0XX`-T*DIK\VF0ND0XCDSUTOS*Qk.X\2XVNctIZCXX	f>Xpà ST.XTn`D%F	C\DtfiIZClYTO`-fmX
X`-fOjOS-N Do`*T.XxLONcX	f.S-QRNX;C_FxQS~IKNXoD%F0NyOfZDoN`-TIKC2XIK`-TKTO\_CX X	d.CVD%F	S*QRC2X·X	f.FvQRS~V`*fiVjnCIKCuX;`ZFtD%NRCZp>C_VNsTO`-fmXSHSGHCTn\
£C|Od.QR`KND%CFQRSaD%`D%S*QRND%\°IZCX}IK`-TZTO\C2X}IKNcX	d.`-TONy.QRC2Xd.`-f.FVjnS-e-f.CaX	f_CDpHB"CXCT*D%F0\CXJfZDoNQRNcX\C2X}X`-T*DMQRCX
d.`-f.F	VCT*D%SUPOC2XXd.C_VDoF0Sfz|¡IKC2XJÏiÐ°y.STOIKC2XIZC ä]¯Ï.ÐZpà CXJVSUG]d.SUPKTnCXJIO{ CXXS-NX¥GHCTO\C2X¥d.`-f.FEQRCX
IKNR[%[%\_F	CT*D0XX	f_CD0X·`*T*D
GH`-T*D%F0\e-f.C]QRSGuCNQRQRCf.F0CV`-Tn[%NPKf.F	S_D%NR`-TC2X%DVC_QRQRC]~Ï.ÐCT*D%F0\C2XÂd.`-f.FfOTOCD%`-d.`KQR`*PONRCIZC
X`KFtD%NRC^yiNIKNGHCT.XNR`-TKTnCQRQRC'EÒ-|mÒTOCf.F	`-TnCXpB"CF0\X	f.QD%SD0l©d.`-f.FVjOS*e-f.CX	f_CD0lXC~d.F0\XCT*D%CX`-fmXH[%`KF%GHC^IO{ fzTnC
GHS_D%F	NRVC'IKCÒ-|mÒTOCf.F	`-TnCXHV`KF	F0CX	d.`-TOIZSUT*D QRSbV`-f.VjOC'IKCX`KF4DoNCI-fMGH`KIKª_QRCKp>¬Nl  CX%D QRC~TOCf.F	`-TnCIKCQRS
QRNPKTnC~Ncl"V`KQR`-TZTOCx2psrTEC_[%[%CD0lSUfdiSZXXSUPnCHIO{ fzTnCyiSZXCHIO{ C|.CG]d.QRCXlVjOS*e-f.CTOCf.F0`-TOCHCX%DvS-VD%NLO\d.S*F¯\F0`OlsfOT
`-fMdiQf>XNRCf.FXHC|.CG]d.QRCXp"
jOS-VfOTMIKC'VCXHC|.CG]d.QRCXHSb\Do\^diS*FS*NRQRQCf.FXHSZXX`KVN\YfOTM\D%S_DIKCHLONPONRQSUTOVCHd.S-F
Qc{ C|Od.CF4DpB"CXV`-T*D%F	NyzfZD%NR`-TzX IKC VjOS*e-f.C \D%SD¡ãQc{ S-VD%NLOS_D%NR`-T IKCXIKNR[%[%\F0CTUD	X TOCfiF0`-TOC2Xô¬Nl   X`-T*D
F	\d.CF4Do`ZF	NR\_CXpiÓ`-f.FQRCTOCf.F0`-TOCv¬Ncl !·CD©fOTV`ZFodOfmXxIO{ C|.CGd.QRCXvIK`-TKTO\2Xl¤HVjOS*e-f.C \D%S_D©dOjKk.XNR`KQR`*PONRe-f.C e-f.NsS
S-VD%NLn\VC}TOCf.F0`-TOCaX`-T*DMSDcD%F	Nyzf.\_CX¦D%F0`KNcXJLOS*F	NRSy.QRCXe-f.NVS-F0S-VD%\_F	NcXCT*DJX`-T§D%SUfO|¢IKC}d.S-F4D%NRVNd.SD%NR`*TpHB©S
d.F	CGHNRª_F	C2l©TO`D%\CÓl
CX%D QRC~TO`*Gy.F	C'IO{ S-VD%NLnSD%NR`-TzXIKC~VCHTOCfiF0`-TOCHd.S-F Qc{ \DoS_DV`-T.XNRIZ\F0\KpsB"SIKCfz|.NRªGHC2l9TO`D%\_C
#"%$ol
CX%D QRC~d.`-f.F	VCT*D%SUPnCI-fMTO`-Gy.F0CIO{ SdOdiS*F0ND%NR`-T.XHIKCVCD·\DoS_D]Xf.F]QRC~TOCfiF0`-TOC2l
F	SdOd.`KFtD%\SfMTO`-Gy.F0CD%`D%S*Q
IO{ `KVVf.F	F0CTnVCX}IKCaVCDJ\DoS_DJIKST.X}QRSy.SZX;CZp~B"SaD%F	`KNX;NªGHC2lÔTO`2Do\_C &"'clCX%DJQRCdi`*fiF0VCTUDoSPOCaI-f Tn`-Gy.F0C
IO{ S-VD%NLnSD%NR`-TzX~IKCVCTOCf.F0`-TOCd.S-FfOTW\D%S_D·d.S-FHF0SUdOd.`KF4D·SfMTO`-Gy.F0CHD%`D%S-QIn{ S*VD%NLOS_D%NR`-T.XHI-fMGHGuC~TOCfiF0`-TOCZp
iCf.QcXxQRC2X
D%F	`KNXd.F	CGHNRC_FX
D%SfO|IO{ S-VD%NLnSD%NR`*T.Xd.S-F
TnCf.F	`*TOC]X;`*T*D©F0CD%CTKfmXxgtQRSuX`-GGuCIKCX#"('idiS*F©TnCf.F	`*TOCxT.{ CX%D
IK`-TOV d.SKXx`*yiQNPOS_Do`ZNRF	CGHCT*D
\PnS-QRC E_âOâKqpzB"SH[%NPZfiF0Cxd.F	\2XCT*D%C QRSGHS_D%F	NVCIKC X`KF4D%NRC`-yZD%CTKf.Cxd.`-f.FÛQRC X	f_CD*p
B"S°IKNXoD%F0NyOfZDoN`-T£IKC2XV`*fiQCf.FXJIKC2X¦TOCf.F0`-TOC2XX	f.FMQRS°VS*F4DoCWD%`-d.`KQR`-PONe-f.CX	f.NDEQc{ \LO`KQfKD%NR`*TI-f§TONLOC_SUf£IZC
LONPONQRSUTnVCl¦IKC¡Qc{ \LOC_NRQJS_DcDoCT*D%NR[}õ Sghy.QRSTOVqSUf X%D%S-IZC £I-f X`-GGuCNRQWgt[%`-TOV\_q}CDdiC_FoGuCD}IZC¨Ln\F0NR[%NRCF
LONcX	f.CQRQCGHCT*DQRCVS*F	S*VD%ªF0C^Do`*di`ZQR`-PONRe*f.CYIZCYQSEVS-F4D%CKpåd.F	ª2X~QRSbdOjOSZX;CIO{ SdOdiF0CTUDoNXXSPOC~TO`*TWXfOd.CF%LONcX\2l©fzTnC
SUTnS-QkzX;CHIZCX·IZNcX%DoF0NyOfZD%NR`-T.X]Xd.S_D%NRS-QCX·IZCHQRSVS*FtD%CHS\D%\HC[%[%CVDtf.\CZp>B
{ \D f.IKCHS^di`ZFtD%\HX	f.FvQc{ SUdZD%NDtf.IKCIKC]QRS^VS-F4D%C
>w¸ºd.F0`KI-f.NRF0C·fOTOC]F	\diS*F4DoN DoN`-Td.CF4D%NTOCT*D%CIKC2X«\D%SD0XIKC·LnNPONRQRSTOVC diF0\IZ\[%NTONXlXf.FvQRCXxTOCf.F	`-TnCXIKC]X`KFtD%NRCZp
à SUT.XvQRC VSKXx`*)fOT~TOCf.F	`-TnC·C2X%D
S-VD%NLn\diS*F
fOTXCfiQ>\D%SD0lK¬Ñ.lÏ+CD¬Ñ.lRÐIKCQRS][%NPKf.F	C'li`*T^IKNRF0Se-fm{ NRQ>CX%D
X	di\_VNR[%NRe-f.CHVCDx\DoS_Dp>à·ST.X QRCHVSKX `,)d.QfmXNRCf.FX«\D%SD0Xxd.S-F4D%NRVNd.CT*D^Qc{ S-VD%NLnSD%NR`-TÔI-fGHGuC·TOCf.F	`-TnCls`-TÔQRCX
d.F	\2X;CT*D%CF0SdiS*F"`KF0IKF	CvIK\_VF	`KNXXST*DIKC2X  "%$ CDQ{ STOS*Qk.XCÂX;Cv[%CF0S]XCQR`-T«D%F	`KNX
`KF	NCT*D%S_DoN`-T.X¹
♦ 
B"Sd.F0CGHNªF0C}V`-T.XNcX%D%C}aIK\_VF	NRF0CQRCJTOCf.F0`-TOCJd.S-FEF0SUdOd.`KF4DbaX`-TaLO`KNcXNTOSPOCZp·rT§C[%[%CD0lHQRCXCT.X¦IZC
Qc{ \LO`KQfZD%NR`-TIKC2X«\D%SD0XIO{ S-VD%NLnSD%NR`-TÔIO{ fOTTOCf.F0`-TOC]fOTSfZDoF0CHX	f.ND
fOTVjOCGHNTV`*jO\F0CT*DSLOCVHQ{ \LO`KQfZD%NR`-TÔIKCX
\DoS_D0X©dOjKk.XNR`KQR`*PONRe-f.CXgtÞNPKf.F0C~qp
 
♦ 
B"SIKCfO|.NRªGHCfZD%NRQRNcXCfOTX;Cf.NRQRQRSPOCd.`-f.FIK\POSPOCFvQRS'Xd.\_VNR[%NRVND%\In{ fOTTnCf.F	`*TOC^IKCX\DoS_D0XIK`-TKTO\2XpiÓs`*fiF
TO`2DoF0CVSZXls`-TV`*T.XCF%LOCQRC2X
D%F	`ZNcXd.F	CGHNCFXx\D%S_D	Xl>VQRSZXX\2XX	fiNLOSUTUD©fOT`KF0IKF0C IK\VF0`KNcXXSUTUD©d.S-FF0SUdOd.`KF4D
HQRCfiF
D%Sfz|^In{ SdOd.S-F0ND%NR`-Tg#"%$ q"X	fiF"QRCTOCfiF0`-TOCvCTHe-f.CX%D%NR`-TgtÞsNPKf.F	C^qp
♦ 
B"SHD%F	`KNX;NªGHCHSTOS*Qk.XCHQc{ `KVVf.F0F	CTOVClIKST.X QRCGHGHCTOCfiF0`-TOC2lIKCXxd.S-NF	C2Xl>LO`KNRF0CIKC2XDoF0Nd.QRCD	XlsIn{ \D%SD0Xe-f.N
X`-T*DV`-T.XNRIK\_F	\2XLO`KNcXNTzX°X	f.FfOTOC\_VjOC_QRQRCIO{ \DoS_D0XIZC°LONPONQRSUTnVCKpH¬H`D%`-T.Xe-f.CVCDcD%C\_VjOCQRQCNTOIKNe-f.C
Qc{ \LO`KQfZD%NR`-TIKCHQRS^LONPONRQSUTOVC2lIKCHQc{ \LOC_NRQS_DcD%CT*D%NR[vghõ S*q>	fmXe-fm{ SUfX%D%S-IKC]g	KD%IqI-fX`-GGuCNRQlsCTd.SZXX;ST*D
d.S-F
QRC2X\DoS_D0XIKNX;VF0CD0XNT*D%CF%GH\_IKNRS*NRF	C2XpB"C¸EL£T.{ CX%D¥d.SZXNTnIKNRe-f.\l\DoST*DEIK`-TZTO\}e-f.CX;`*T£`KVVf.F	F0CTnVC}CX%D
S*QR\S_D%`KNRF0CxCDsTOCvIK\d.CTnIe-f.CvI-fHGH`-fOLOCGHCT*DIKC2X
\QRC_VDoF0`KIKC2X
`-f^I-f'X	f_CDp
Ós`*fiF]SUy.`-fZD%NRF]bQc{ STOS-Qk.XCIKCVC2XSZXX;`ZVNRS_DoN`-T.Xl
QRCXTOCfiF0`-TOC2Xe*fiNvX`-TUD·S*VD%NLO\Xd.S-F fOTMV`-fOdiQC~IO{ \DoS_D0Xl9d.S-F
C|.CG]d.QRC^ghõ VkO[0lsõ VkO[%S*F0q0l©g	.`-GlhKD%Iq0l`-TUDx\D%\HV`-G]dZDoSy.NRQRNcX\2XUp>B"C D%SUy.QRC_SUfIK`*TKTOCl>di`*fiFvVjOS*e-f.CHX	f_CD0lsQC
TO`-G]yiF0CHIKC TOCf.F0`-TOCXIKC]Qc{ CX	d.S-VC]IKCHX`ZFtD%NRC]IKCQRS^VS*FtD%CIZC¶ `-jO`-TnCTEmw¸ e-f.NV`*T*D%NRCTKTnCT*DIKC2X«S*VD%NLOS_D%NR`-T.X
d.S-FIZCX·F0CPnF	`-fOd.CGuCT*D0X IK\[%NTnNcXp¤à ST.X VjOS-e*fiCHVSZXClQRCHF0\X	f.QD%SDvCX%DxF0Cd.F0\XCTUDo\^X`-fmX [%`KFoGuC^gh|%ghkzl¯q%q0l`,)b|
CX%DQRC·Tn`-Gy.F0CIKC TOCf.F0`-TOCXS*VD%NLO\Xxd.S*FxVC uH)l<u#_.`²(H-´NH)J=oWVBd2H*oNQJÌ^.QcµK`:H)JKo PH-JÌ_¤´<u#Hr^ _(f5f¥`(uauH)J<f5HO±
^<Hz±;]¥oWO*o±;f5_<Js±aQ^<])u#]z±;^<OJs±P	 Oz±_±#_(f)QO¥oQ_ÄJ:D

=Ñ¶  xÅ[z$~Ã¯5z~ |*=¥8z}($G)¢¼¾¼T#}s#)~T(|8$G)}s#¡)}s|5#º#)~T)$G5a8}s|*5$G)sÅ[$R5z$#s|*}R~$
#z}R~)¨ $G)¢¼¾¼T#}s#)~T	RW¸²a~T
'¿ 5>:*<>? ©¿¦¿K78 ?*¿-85 ?U¿-8» ?*¿*8  ?*¿-8 ?U¿-8
é]ìmízéZ× ¬ "!#8R$#&%  W­5Ã&% ' W$#8T)!(% ( WÃ)% # W*5Ã¬&%
]ìmíOéK×]ìmí *  a+#5T$,8%  ¾8-,&% !. W)!Ra­)% ( 5/#­)%  ¾¬8Æ&%
]é0ìmí , "!#8R+,5% !1 W­5/,&% ¬ a+#8Ra­)% ' W/#)­&%  W*5Ã&%
]ìmí]ì.ë%éK× !1 a+,8)/#5%  2,8Æ&% !1 aa­8Æ¬­)% ( 	#)­8Ã)%  5/#)­¬&%
]ìmí]ìië 3 a+,8)T*­&%  	,5¢ * % ¬ aa­8R!(% ¬( 	#)­8¢¥­&%  5T$,&#&%
]ìië éK×]ì.ë # 2#8R#¥­&%  5¢ * % !1 ¾¬­8R!(% ( 5¢*­)% #.22#­)¬8R+,&#)%
ì.ë éK×iÇíKÚ #(22#8)T$,&%  5/,5% # ¾¬­8-#­)%  ¾8¢(% 3 	#)­¬5/#&%
]ì.ë4.ÇsíKÚ 1 a#*­5T$,&% *  T * -,8% !1 a!-#­)% ¬( T¥­8¢(%  W$,&#5/#&%
ÇíKÚ5.ÇmËîsÆ '2a+,5Ã­0!% !1 	,5-#Ì#(% # 2#­8[% #( T)6!,)%  2#8Æ&%
B"CXD%F	`ZNcXYd.F	CGHNRª_F	C2XbSKXX`KVNRS_D%NR`-T.Xghõ SZl õ VkO`KS*F0q0l·ghõ«VkO`KS*Fl õ«VkO`Kq^CDghõ«SKl õ«VkO`Kq0lS-VD%NLnCT*DHfzTTO`*Gy.F	CEIZC
TOCf.F0`-TOC2XHX;NPKTONR[%NRVS_D%NR[VjOS*e-f.C^[%`KNcXe-f.C^VCX \D%SD0X]X;`*T*Dd.F0\XCT*D0X IKSUTzX·QRS~y.SZXCHI-fMX	f_CDÛD%F	S*ND%\CZpsv{ CX%DxQCHVSKX
I-fWX	f_CD ÒYd.`-f.F QRCHPOF	`*fzd.C'ghõ SZl9õ VkO`ZS-F0q0l©QCXHX	f_CD0XÑECDÏbd.`-f.FQCPOF	`*fzd.C^ghõ SZl õ Vkn`Kq0lQRCX]Xf_CD0XÐYCD~
d.`-f.FQRC2X·D%F0`KNcXHV`-fOdiQCXpÓs`*fiF]VCIKC_FoTnNRCF]`-TMSYGuGHC'CTOF0CPONXoD%F0\Qc{ SZXX`KVNSD%NR`-TMIZCHD%F	`KNX\DoS_D0X·õ SZl9õ VkO`CD
õ VkO`KS*F"S-VD%NLnSUT*DÑTnCf.F	`*TOCX
IKCÂX`KF4DoNCgtÞNPKf.F0C~qp
B"CXV`-fOd.QRCX ghõ VkO`'l õ Vkn[%S-F0q0lsghõ«VkO`Oliõ VkO[%qÜX;`*T*D
QRC2X
D%F	ST.XND%NR`-T.Xve-fF0Cd.ªF0CT*DÛQRCdiSZXXSUPOC HQc{ jKkZdi`*LONPONRQSUTOVCZp
B"SEV`-TO[tfmXNR`-TWCT*D%F0CYQCX~\DoS_D0Xõ VkO`MCD·õ VkO[%S*FHCX%DdiF0\XCT*D%C~d.`-f.FQRC2X~X	f_CD0XE~CDÐ>pBÛ{ SKXX`KVNRS_D%NR`-TEõ Vkn`Ol
õ VkO[CX%DsTO`D%\Cd.`-f.F"QRCXX	f_CD0X_liÐCDÑHCDSymXCT*D%CvVjOC¯QCX	f_CDÏp
Ós`*fiF QRC^V`-fOd.QRC'ghõ VkO[%S*Fl õ«VkO[%q0l©Qc{ SZXX;`ZVNRS_DoN`-TE\DoS*NDNG]d.`KFtD%ST*D%CX	f.F4Do`*fKDxd.`-f.FQC^Xf_CDÒ`,)EQRS^GHS0`KF0ND%\HIKCX
\D%S_D	XvIKC]X;Sy.SZXCX`-TUDX`KND
I-f'õ VkO[X`KN D
I-fõ«VkO[%S-F_p¬H\STKGH`ZNT.XliQRCXIKCfz|'\D%S_D0XÜd.CfOLOCT*D"D%F	CÂV`-TO[%`-TOI*f>X
LKf
e-fm{ NRQcXXC_F	`-TUDxV`-T.XNRIZ\F0\X·V`*GGHCH\D%SDvIO{ jKkKd.`-LONPONRQRSTOVCKp>Ó`-f.FxQSD%F0SUT.XND%NR`*Tghõ VkO[0l©.`-Guq0lsQRS^V`-TO[tfmXNR`-T\DoS*ND
TOCDcD%CHdi`*fiF QRC2XHX	fCD0Xb_l©Ï.l
ÐbCDÑspBÛ{ SKXX`KVNRS_D%NR`-TECT*D%F	C.`-G CDKD%IHS'\D%\HCTOF0CPnNcX%DoF0\C^XCfiQCGHCT*Dd.`-f.FQC
X	fCDxÏ.l`,)VCX·IZCfO|E\DoS_D0X\D%S-NCT*DIK`-GuNTOST*D0XpiB"S~VS*F4DoC^>w¸ºSX\diS*F0\lXST.XSUf.VfOTOCV`*TO[tfmX;N`-T.lsQRC2X\D%SD0X
ghõ VkO[%S*Fl>i`*GHqCD"ghõ SKl>KD%Iqsd.`-f.FD%`-fmX
QRC2XXf_CD0XUp
CDcDoCaQRC_VD f.F0C°IZCX}VS*FtD%CX°mw¸ S¨d.C_FoGuNcX}IKCaIK\PnSUPOC_FJQRC2XSZXX`KVNSD%NR`-TzXd.`OXXNy.QRCXCT*D%F0C}TONLOC_SUfO|IZC
LONPONQRSUTnVCKpCF4D%S-NTOCXX;`*T*D~QR`*PONRe-f.CXLO`KNF	CbGuGHCES_DcD%CTOI-f.C2Xl\DoST*D^IK`-TKTO\Ee*fiCEQCXÔTnNLOCSfO|V`-fOd.QR\2XbX`-T*D
d.F	`KVjnCXpBÛ{ C|.CGd.QRCuD kZdiC'CX%D·VC_Qf.NIKC~õ«SKl©õ Vkn`KS-F]CDõ VkO`>pà]{ SfKD%F0CX·d.CfOLOCT*DD%F0C~S*VVCdZD%\C2XHXSUT.XC_[%[%CD
  	
  !"!	#$%&'(") *	+-,.0/"	12	34
X	fiFvQRS^IK\D%C_VDoN`-TIKC]QRSD%F0SUTzX;N DoN`-T\LnCNRQc%X`-G]GHC_NRQclsC|.CGd.QRC õ VkO[0l©.`-G¢CDxZD%I*piCd.CTnIKSUTUD
QRCXvSKXX`KVNRS_D%NR`-T.X
õ VkO`OlKõ VkO[%S*FtDCDsõ VkO["X`-TUDVF	ND%NRe*fiC2X©d.`-f.FfzTnCxIK\D%CVD%NR`-Tu[%NRSUy.QRCvIKCvQc{ jKkKd.`-LONPONRQRSTOVCKp
B"CXbX	f.F0VjOS-F%POC2XYIO{ \D%S_D0XYSf}TONLnCSfIO{ fOTGHGHCbTOCfiF0`-TOCMghfOTTOCfiF0`-TOCbd.CfKDHDoF0Cb\D%NRe-f.CD%\Yd.QfmXNRCfiFX[%`KNcXq
d.CfOLOCTUDX{ C|Od.QRNRe-f.C_F·d.S-F]QRCF0CV`-fOLOF0CGuCTUD·IKC2XIKNcX%D%F	NyzfZD%NR`-TzXIKCXC|iCGd.QRC2XlfOTOCGuSUfOLOS*NcXC'X;\d.S-F0SD%NR`*Tbd.S-F
QRS VS-F4D%C·mw¸JlKfOTHIK\2X;\_e-f.NRQRNy.F0CxIZCX
F0\d.S*FtD%ND%NR`-TzX
IKCX
VQRSZXXCX
IO{ \D%S_D0X
`-fHfOTOCX	fOy_CVD%NLnND%\xIKCvQc{ C|Od.CF4Dp
B"CX·QNGHND%C2X·IKCHQc{ C|KD%F0S-VD%NR`*TYd.S*FQRSbmw¸ d.CfOLOCT*DD%F0CI-f.CX^QRSHTO`-TF0Cd.F0\XCT*D%S_D%NLOND%\IZCXCT*D%F0\C2XÂfZD%NRQRNX;\_CX
ghd.S-F0SUGuªD%F0CX^Xd.C_VDoF0Sfz|ml©TO`ZFoGuS-QRNX;S_D%NR`-Tnq0l
bQc{ NTON DoNS-QRNX;S_D%NR`-TMS*QR\S_D%`KNRF0CXHIKCXd.`KNRIOXIZC~QRNS-NcX`-TzXCT*D%F0\CX%X`KF4D%NRCX
RÏO`-f^Sf^VjO`KN|HTO`*THS*IKSUdZD%\vIKCxQSxD%`-d.`ZQR`-PONRCvIKCvQRS VS-F4D%CKp
iCf.QQRCX	f_CDd.F0\XCTUDoC^Qc{ CTzX;CGy.QRC^IKC2X·TONLOC_SUfO|MIKCHLONPONQRSUTnVC~\_e-f.NRQRNy.F0\~CTbTO`-G]y.F	CZpsB"CX	f_CD ÐYdiF0\XCT*D%C
D%`-fmX«QCXxTONLOC_SUfO|SLOCVfOTOC diF0\IZ`-GHNTnSUTnVC«TnCDcD%C·IZC·QSõ VkO`KS*Fp.
jOC¯]QRCX
D%F0`KNcXxSfZD%F	C2Xx`-T'V`-T.X%D%SD%C Qc{ SUymXCTnVC
IO{ fOTb`*fbd.QfmXNRCf.FX«TONLnCSfz|p>BÛ{ SUTOS*Qk.XCLnNcX	fiC_QRQRCHIKCHQSLONPONRQRSTOVC·d.S*FxQ{ C|OdiC_FtDvXC[%S*ND
jOSy.NDtfiC_QRQRCGHCTUDxX	f.FvIKCX
d.\F0NR`KIKC2XYIKCMÐOâXCV`-TOIZCXævIKSUTzX'Tn`D%F	C\Dtf.IKCbC_QRQRCS¥d.`KF4D%\EX	f.F~IKC2X~di\_F	N`KIKCXIKCÏ}XC_V`-TOIKC2XUp"å VjOS*e-f.C
d.\F0NR`KIKCS\D%\S*[%[%CVD%\JfzTaTONLnCSf£IKCJLONPnNRQRSTOVCKpB"Sd.F0\XCTnVCJIO{ fOTOC¦LOS*F	NSD%NR`-TaI*f°TONLOCSfIZC¦LONPONQRSUTnVC
IK\d.SZXX;ST*D^e-f.SD%F0CMX;C_V`-TOIKC2XYSJ\D%\bdiF0NcXCECT}V`*T.XNRIK\F0S_DoN`-TpvCd.CTOIKST*D0lxVC_FtD%S*NTOCX[%Qf.VDtf.SD%NR`*T.XIKCbV`-f.F4D%C
I-f.F	\_CxIZCxQRSLONPONRQRSTOVCÂgtIKCGu`KNT.X
IZCxÑ^XC_V`-TOIKC2X;qdiCfOLOCT*D\_VjOSdzd.C_F© Q = NRQ.IKCvQc{ C|Od.CF4Dp
 ^<>7"@-À4?©Á_At<>7M¿-8v¿K:*Á "¿K@-8;A¿KÁ
xTOCHGH\D jn`KIKC^V`-TKTOC|iN`-TKTONcX%D%C^YSdOd.F	CT*D%NcXXSUPOCHTO`-T¥X	fzd.C_FoLONX;\^S\Do\fZD%NRQRNX;\_Cd.`-f.FIK\PnSUPOC_FQRC2X«d.S-F0SGHªD%F0CX
\QRC_VD%F	`OtCTOV\dOjOS*QR`-PnF	SdOjONRe-f.CX VS*F0S-VD%\F0NcXST*DQRS y.S-NXXCIKCQS LONPONQRSUTnVCKp¬H`D%F	CSdOdiF0`KVjOCV`*T.XNcX%DoC
C|Od.QR`KND%C_FxQRC d.`-fOLO`KNRFvIKCHX\diS*F0SD%NR`-T'TO`-TQNTO\S*NRF0CIKC2XVS-F4D%CXSUfZD%`Ot`KF%POSTONcXS_DoF0NRVC2X«IZC¶ `-jO`-TnCTpi%Q[%SUfZD
TO`D%CF
e-f.Cbd.CfIn{ NTO[%`KF%GHS_DoN`-T.XbX	f.FQRC2XÔLOS*F0NRS_DoN`-T.XYI*faXNPKTOS*Q r"r© d.CTOIKST*D^QRCXdi\_F	N`KIKCXIO{ jKkKd.`-LONPONRQRSTOVCMX`-T*D
IKNcX	d.`-TONy.QRC2Xp"C_VNC|Od.QRNRe-f.CQRC'VjO`KN|WIKCVCuD kZdiC'IO{ S-QPn`KF	N D jZGHC^YSdOd.F	CT*D%NcXX;SPOCHTO`-T¥XfOd.CF%LONcX\^IKST.X·TO`D%F0C
SUdOd.QRNRVS_D%NR`-TpB"CX°VS*F4DoC2X°SfKD%`Ot`ZFoPOSTONcXS_D%F	NVCX°IKC£¶ `-jO`*TOCT`-T*Dd.C_FoGuNcX°IKCIZ`-TKTOC_FfOTOC°LONXf.S*QRNcXS_DoN`-T
D%`-d.`-POF0SUdOjONRe*fiCI*fX	d.CVD%F	CI*fXNPKTOS*Qr"r" CTnF	CPONcX%D%F	\Sf Gu`-GHCT*D¦IKCQRSdzjnSKXC}IZCJD%F	ST.XND%NR`-T¨\LOC_NRQc
X`-GGuCNRQ%pB"CXF	\2X	fiQ DoS_D0XYIK\POSPO\X`-T*DHdiC_FoGuNcXYIZCDoF0`-fOLOC_F~IKC2XSKXX`KVNRS_D%NR`-T.XIKCLO`KNcXNTOSPOCdi`nXXNy.QRC2XCT*D%F0C
IKNR[%[%\_F	CT*D0XTONLOC_SUfO|IZCÔLnNPONRQRSTOVCZps¬H`-fmXHSULn`-T.XHF	\f>XXNbSLO`KNFIKC2XF0\X	f.QD%SD0XHV`-Gd.S*F	Sy.QRCXHbVCfO|ED%F0`-fOLO\X
IKST.XRÑOCTuF	\_I-f.NcXSUT*DQCTO`*Gy.F	CvIKCvIK\F0NLnSD%NR`-TzX
IO{ r©r"IKCvÏ.âfzTnCXCf.QRCZp
BÛ{ C|OdiQ`KND%SD%NR`*T}IZCEVCXÔGu`KIKª_QRCXV`-TKTOC|.NR`-TKTONXoD%C2XÔTO`-fmXS¦d.CF%GHNcXIO{ S-F0F	NLOCFMfzTTONLOCSfIKCd.CF0[%`KFoGuSUTnVC
V`-Gd.S*F	Sy.QRC^YVC_Qf.N"IKCXvDoF0SLOSUfO|QRCXd.QfmX·F0\VCTUD	X I-fEIZ`-GHS*NTOCRÑOp¦%Q"[%SfZDxSf>XXNTO`D%CFÂe-f.CHQc{ NT*D%CF%LOCTUDoN`-T
IKC^Qc{ C|Od.CF4D\D%S-N D[%`-TOIKSGHCT*D%S-QRC^IKST.X·TO`2DoF0C^IK\GuS-F0VjOCKprTEC[%[%CD0lfOTOCHC|OdiC_FtD%NcXCHS~d.C_FoGuNcX·IKCHIZNR[%[%\F0CTOVNCF Ò
\D%S_D	X£IKC LONPnNRQRSTOVC TO`-T S*FtD%C[%S*VD%\X£CD§Ð\D%SD0XS-F4D%C[%S*VD%\XpbBÛ{ `KF	NPONTOS*QRND%\ IZCôTO`D%F0C SdOdiF0`KVjOC¡F	Cd.`OXC
CXXCT*D%NRC_QRQRCGHCTUD~IO{ fOTOCbd.S-F4DX	f.FQc{ C|zd.QR`ZND%SD%NR`*TIfOTJGH`ZIKªQRCTOCf.F0`-TOS*QS*FtD%NR[%NRVNCQMS-F0VjOND%C_VD f.F0CYGuNTONGuS-QRC2l
e-f.N¦d.`OXCT*DQRC£GHNTnNGfOG IZC V`-G]diQNRVS_DoN`-T d.`-f.FfOTOC¡\LOCT*Dtf.CQRQRC¡NGd.QR\GHCT*D%SD%NR`-TX	f.FIKCXX	fOdOd.`KFtD0X
GHS_D%\F0NRCQcXlsCDIO{ SUfZD%F	C d.S-F4DvXf.FvQc{ C|ZD%F	S*VD%NR`-Tzlsd.S*FtD%NRFIn{ fOTÔXCf.QXNPZTOS-Qr"r"l>IKC2XxNTO[%`KF%GHS_D%NR`-T.XÂXf.[%[%NcXSGGuCT*D
d.CF4DoNTOCT*D%C2Xd.`-f.FVS-F0S*VDo\_F	NX;C_FQRCXb\DoS_D0XbIKCELONPONQRSUTnVCKpxBÛ{ NG]diQ\GHCT*D%SD%NR`*TIKCMVCXbS*QPO`KF0NDtjKGuCXl·SLOCVMfzTnC
XCf.QRCvIK\F0NLOS_D%NR`-THr"r"]lnd.CF%GHCDIO{ CTKLnNcXSUPnCFfOTOCxIZ\D%CVD%NR`-T«D%CGdmX
F0\C_QiCTuSUG]yOfiQSD%`KNRF0C]cÒnp
¾
	¾K:*¿K7"@K¿KÁ
  L¿ z$}sK¿x(h|*ºº#=5|*}sºz=a~=5z#~5|*|*¡*5*G}s|y{5$G*|*ºº#=a~.» ¯5#R¿$.z$}s<*¬K¿
 #
 4¿$Ê;|*5|*5#.¿*(5s#[¼°¾|*}s¡z58¡ºz¿*ªR3±;a5}sz$K8~|*}e¿ #*5z$¡)$ ,¬5°T¥8<#)#=¿
 !  x¿.|8¡)}sz$Nz50G¿Ì«#§)z$5)}s*¿#"h=R)8#}¯5sI|*85#~|*5R~z¡|*}s[~5º¼T|*}#[e~}s 5¡-z$r#*¯5}s|*5º#)~z$
)z#~z;s~$*z#|*º5z$}s|*¿%&('!)
*()!+,'
-/.10(2Ì<#°"!&2# * %.+,5°W * )Ì)5¿
 ¬
 =¿ x¿43²|~Ts5#ºz$5 =¿Ê;z*5z$524¿ «¿4x(z$}#.¿ #[¼°¾|*}s¡z8/58¡Lº½z#22}s#|*¡5[~ |*|¼~|5|*¡}sz85
5z#~~#}s=G|¼¤G¤BÇ28#~}sz)¿7689!0
9
*(-./):0
;)!0&<;./):+&>=8.*(9
?8@0>2#.A0B(C.10(2Ì)¬&# a)­&#5°W­ * <#)5¿
 ! Ê¿#Ê;5z [¼Tz)¿L¿ D¿##|5R¿#x¿#|5¡}sz$.¿#©¿©Bza)#5¯.¿#L¿#À;|*¡¥8R¿#G¿y«#§)z$5)}s*¿$«5z 5s4a~=#zy²s[¼T#z~|*
)$Ga~z#~TG	¯5¡z$5#48z}(}s$#z8§88}s|*5$a¿EF9 ,
,)!-G=
F>*HB*HBIJ? K %;ELNM>EE4OPRQ:S>P=¿!3²z$*¯5#} #)0!5¿
